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(54) CDMA rake receiver 

(57) A CDMA receiver includes a Rake reception 
circuit for performing in-phase synthesis of reception 
signals from a plurality of paths. In this receiver a delay 
profile indicating a signal power distribution with respect 
to delay times of the reception signals is measured. An 
interference wave power value is estimated on the basis 
of the measured delay profile. Valid data are extracted 
from the delay profile on the basis of the estimated inter- 
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ference wave power value. A plurality of correlation 
peak positions are detected from the extracted valid 
data. Path allocation to the Rake reception circuit is 
determined on the basis of the correlation peak posi- 
tions. A path detection method and recording medium 
which records a path detection control program are also 
disclosed. 
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mOOIl The present invention relates to a CDMA receiver, path detection method used therefor, and recording medium 
Lhicn\ecords P a pam detection control program and, more particularly, to a technique of measunng a delay profile and 
coi^rtinn <;pveral Daths havina hiqh signal powers within the measurement range. 

oio r^^S^-Jn^ DM - ten Mu,tiple Access) is a scheme of a,lowin9 a p V US H ers f°v p ,h r e 

Erm communicator! by using'the same frequency band. In this scheme, spreading codes are used to identify the 
S3ST Immobile communication, since multiplex reception waves vary in propagation path length multiplex waves 
li h ffe ent propagation delay times interfere with each other. In DS-CDMA ^^^^r^e^ 
band-spread by a high-rate spreading code having a period shorter than the propagation t,me, the respect,ve mult.p.ex 
waves with different propagation delay times can be demultiplexed/extracted. 

70004] Since the position of a mobile station changes with respect to a base station. ^ X 

distribution with respect to delay times) also changes over time. In addrt.cn. a signal from each path ,s subjected 

" ItT ^D^^^SSTTplu-lly of multipath s,gna,s that are temporary separated from e 9 ch other, 
ave iffe ent propagation delay times, and undergo Rayieigh variations are collected ^T^^S^^ 
synthesized) to obtain a diversity effect, thereby improving reception characteristics. Wrth regard to a P r = de ^ in ^ 
ecTptio quality (bit error rate), the transmission power can be reduced owing to the diversity effec * ^^J* 
Rake ynthesis As a consequence, the interference powers with respect to other users inside an d out de a single cell 
decrease This makes it possible to increase the subscriber capacity in a predetermined frequency band, 
foooet As described above, however, since the position of each mobile station relatively changes wrth respect to he 
base tat^n he dels profile also changes, and the delay times of the paths to ^ subjected Ra kesynthe s so 
chance This makes it necessary for a receiver to have multipath search and tracking functions that allow the receiver 
to Swlhangest aetoy profJunder a mobile communication environment and Rake-synthes.ze a piura.rty of paths 
ranable of instantaneously obtaining maximum signal powers. 
m007 As the CDMA receiver described above, the receiver shown in Fig. 22 is available, which ,s comprised of an 
Intel 21 RF reception circuit section 22. A/D (Analog/Digital) conversion section 23. multipath search sec.on (muU 
fiplth detection means) 24, and Rake synthesis reception section 25 for ,n-phase-synthes,zing (Rake-synthesiz.ng) a 

30 foom ^conventional CDMA receiver having such an arrangement, the multipath search section 24 measures a 
dela profile X power distribution with respect to delay times), selects several paths having h,gh signa powers 
Sin the measurement range, and notifies the Rake synthesis reception section 25 of the timings of the paths. The 
Rake ^synthesfs deception section 25 performs despreading in units of paths on the basis of the t,m,ng information, and 

, } , norfftrm , Roi<P svnthesis thereby obtaining a path diversity effect. 

0009 T The Rake syn es,s reception secUon 25 may have a means (path tracking means) for following the movement 
of a independently designated path. In this case, the multipath search section 24 must send path -formation to the 
Rake rvntEe ,t reception 9 sec,ion P 25 a. least in an initia. period or in predetermined cy ^ This CDMA receiver and 
multipalh search method are disclosed in Japanese Patent Laid-Open No. 9-181704 or the like. 

,o mo 01 in thl above conventional CDMA receiver, the multipath search section measures a deby profile, selects sev- 
Lr^pLhs having high signal powers within the measurement range, and notifies the Rake synthesis reception sect.on 

moill'Tae^al 'however a delay profile contains a large quantity of data, and hence it takes time to search for 
peaks from al the d' at h a ° For this reason to search for several paths from the measured delay profile, maximum values 
"responding to the number of paths to be searched out must be retrieved, or all the .prof e data -st e sor d 
[0012] It therefore takes much time to perform maximum value retrieval by us,ng a DSP (Digital Signal Processor or 
he like m addition, the current consumption increases. When maximum value retrieval ,. implemented by 
the hardware size becomes large, and an optimal means for searching for a required number of correlation peaks from 

so mOl'aT P T, f '!s e InTbJecto, the present invention to provide a CDMA receiver, path detection method, and recording 
medium which records a path detection control program, which can greatly reduce the processing amount ,n a path 
.^ToSS. reduce current consumption, simplify the hardware arrangement, and improve follow-up characteristics 

^ p ^^:£^ acc ° rdin9 to the present invention ' there is , p r ided a , cD n A r f e D c :; v h e s r 

55 omp sing a Rake reception circuit for performing in-phase synthesis of reception signals from a plura rty o paths. 
whTrein a delay profile indicating a signal power distribution with respect to delay times of the reception signals «s meas- 
ured Tn interference wave power value is estimated on the basis of the measured delay profile, valid data are extracted 
from the dely profi e on the basis of the estimated interference wave power value, a plurality of correlation peak pos, 
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tions are detected from the extracted valid data, and path allocation to the Rake reception circuit is determined on the 
basis of the correlation peak positions. 

Fig. 1 is a block diagram showing the arrangement of a Rake receiver according to the first embodiment of the 
5 present invention; 

Fig 2 is a flow chart showing the operation of a DSP in Fig. 1; 

Fig 3 is a flow chart showing the operation of a valid data determination section in Fig. 1; 

Fid 4 is a flow chart showing the operation of a correlation peak position detection section in Fig. 1 : 

Fig. 5 is a flow chart showing the maximum value retrieval processing performed by the correlation peak posit.on 

FfgtfsVgTaTshowing an example of a delay profile measurement resu.t in the first embodiment of the present 

• F^.Tisa graph showing another example of the delay profile measurement result in the first embodiment of the 

Rg^o is a Woe* diagram showing the arrangement of a Rake receiver according to the second embodiment of the 
present invention; 

Fig. 9 is a flow chart showing the operation of a DSP in Fig. 8; 

Fig 10 is a graph showing an example of the delay profile measurement result obtained when the valid data deter- 
mination threshold calculated on the basis of an average power is valid in the present invention. 
Fig 1 1 is a graph showing an example of the delay profile measurement result obtained when the vahd data deter- 
mination threshold calculated on the basis of a maximum value is valid in the present invention; 
Fig. 12 is a block diagram showing the arrangement of a Rake receiver according to the third embodiment of the 
present invention; 

Fig. 13 is a flow chart showing the operation of a DSP in Fig. 12; . ftni nf thp 

Fig. 14 is a block diagram showing the arrangement of a Rake receiver accord.ng to the fourth embod.ment of the 
present invention; 

Fiq 1 5 is a flow chart showing the operation of a DSP in Fig. 14; 

Fig. 16 is a block diagram showing the arrangement of a Rake receiver according to the fifth embod.ment of the 
present invention: 

30 Fiq 17 is a flow chart showing the operation of a DSP in Fig. 16: 

Fig. 18 is a block diagram showing the arrangement of a Rake receiver according to the sixth embod.ment of the 
- present invention; 

Fig. 19 is a flow chart showing the operation of a DSP in Fig. 18; 
Fia 20 is a flow chart showing the operation of the DSP in Fig. 18; 

Fig' 21 is a graph for explaining follow-up operation with respect to changes in path delay time in the present inven- 
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F?g. 22 fs a block diagram showing an example of the arrangement of a conventional CDMA receiver. 

[001 5] The embodiments of the present invention will be described in detail next with reference to the accompanying 
40 drawings. 



First Embodiment 

r0016] Fig 1 shows the arrangement of a Rake receiver according to the first embodiment of the present invention. 
,5 The Rake ece iver according to'the first embodiment of the present invention is comprised of a DSP (Digital Signal 
Pressor) 1 forming a path search section, delay profile measurement section 2. delay 

section 3 formed by a RAM (Random Access Memory) for temporarily storing delay profile da a. antenna 4. RF recep- 
tion circuit section 5. A/D (Analog/Digital) conversion section 6 for converting an analog signal into a digital signal, and 
a Rake reception section 7 for performing in-phase synthesis of reception signals from a plurality of paths _ 
so [0017] The DSP 1 includes an average power calculation section 1 1 , valid data determinate threshold calculation 
ec ion 12 valid data determination section 13. internal storage section (RAM) 14 mcludmg a valid correlation data 
able storage section 15 and detected path table storage section 16. correlation peak pos.tion detection section 17. and 
Rake path allocation section 18. The DSP 1 operates under program control based on the programs stored in a control 
memory (not shown). As the DSP 1. a DSP dedicated to path searches need not always be used. For example, this 
55 receiver mav incorporate another function such as speech codec. 

OoTs] The average power calculation section 1 1 of the DSP 1 calculates the average power of a delay profile. On the 
a s s of the calculaL'resul, obtained by the average power ca,cu,ation section 1 1 . the valid data determination hre s^ 
old calculation section 12 calculates a valid data threshold (interference wave power value) for checking whether the 
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correlation data of a delay profile is data from a valid path. 

0 9 The valid data domination section 13 determines the valid data of a delay profile on the basis c the , v. M 
f ll L emL.ion threshold oa.ou.ated by the va,id data determination threshold calculation sec ,on , £ ^ 
only valid correlation data. The valid correlation data table storage section 15 temporarily stores the data selected by 

5 ro0201 ' ^"^P^Z^ detection section 17 detects the positions of a plurality of correlation peaks 
2 The detected path table storage section 16 stores the path positions detected by the correlation peak position 
? > f r , c!rti 0 n 17 The Rake path allocation section 18 determines path allocation to the Rake reception section T 
ZT^^Zw^^* -ception circuit section 5 through the antenna 4 isconvertec Unto , d.g.ta 
L . h .h» A/n inversion section 6 The delay profile measurement section 2 can be formed by a matched filter or 

'° S^rrZ^ measurement'section 2 measures the delay time distribution (delay profile) of the 
correlation power values of despreading codes and reception data within a predetermined range. 
mu22? in fhe Rake receiver according to the first embodiment of the present invention, the average power calcu.ahon 
2 11 oMhe olp 1 calculates the'average power of delay profi.e data to average path changes due to fading. F,g. 

" ?o£T ICpTSC* measurement section 2 is output to the delay 

vale storage seclion 3. and a message indicating the end of measurement is transmitted from the delay profile meas- 

ST The LTefagVrowefcalculation section 1 1 of the DSP 1 averages the data of the delay profile obtained I at inter- 
~ 0 la?s S delay t^es I obtain the average power value of the profile. When correlation data corresponding Jo X devread- 
ino timings (delay times: abscissa) in the case shown in Fig. 6 are sampled, the sum total of the correlation data at the 
Ses 1 to X is divided by a sample count X. As a consequence, the average power calculation section 11 obtains an 
averaae delav profile power value like the one shown in Fig. 6. 

S ent X oTc rSla L^de.ayU-e become e q ua, to or smaller than the threshold. No, that 
"e valid d^a determination threshold calculation section 12 can also calculate a valid data determination threshold by 
aHriino/subtractino the above coefficient to/from the average power or dividing it by the coefficient. 
moTef A the aoove coefficient optimal data may be determined by acquiring delay profile data in an actual commu- 
2n env onmen. AlterSvely since the variance changes depending on the average time (the sum of power 
"XZfTteZ profile, a coefficient that changes in accordance with this delay profile averaging t.me , ma> - be used. 
mm The va id data determination section 13 writes the correlation values and phases of delay prof e data equ* to 
or laroer than the valid data determination threshold in the valid correlation data table storage section 15. The cor el a- 
l eak PO i ion detection section 17 detects a predetermined number of correlation P" te <™2TJES^iI^ 
the valid correlation data stored in the valid correlation data table storage section 15, and writes the detected peaks 

loo^ff^SSu^' 16 allocates paths to the Rake reception section 7 on the basis of the path 
data stored in the detected P ath table storage section 16. For example, as a path allocation method, a method of des- 
tanatmg a max mum of paths that can be Rake-synthesized to the Rake reception section 7 ,n descending order in mag 
nitude is avaSe In this case, when only one path is detected, the Rake path allocation section 18 designates only 
the detect ) I even if the number of paths set is six. Note that the valid correlation data table .storage section 15 and 
detected path table storage section 16 use the internal storage section 14 incorporated ,n the , DSP 1 
J5 [0029] Fig. 2 shows the operation of the DSP 1 in Fig. 1 . The path search processing performed by the Rake ^receiver 
accordino To the firs, embodiment of the present invention will be described with reference to Figs .1 and 2. The 
proces ng shown in 4 2 is implemented when the DSP 1 executes the programs stored in the control memory. The 
be'set in the internal storage section 14. Alternatively, a ROM (Read-Only Memory), floppy disk. 

so [00 h 30]' ike u" y n Option of a signa, indicating the end of delay profi.e calculation from the delay profi.e -asurement 
so luujuj up h averaae power calculation section 1 1 of the DSP 1 calculates an average delay profile 

™°r n (s, p Sfn g 2 9 ). Th vafid d^fa ^rmination threshold calculation section 12 calculates a valid data determi- 
naUon threshold by multiplying the average power obtained by the average power calculation section 1 1 by a prede.er- 

55 «S2* -ta equal to or larger than the valid data determination. 

Sreshold c IcuTated by the valid data determination threshold calculation section 12 from the delay prof J lata and 
ore s the values and positions of the va.id data in the valid corre.ation data table storage section 15 (step > S F g^ 
0032] The correlation peak position detection section 17 detects a predetermined number of correlation peaks from 
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the data stored in the va.id correction data table storage section 15 and stores the magnitudes and positions of the 

,ion or ,h= d.t. in the va.id co,r„„ion ™<^«£»%»^^l^£^ „i, determination o„ all 

reference to Fig. 1 and 4. ^r* rtI .rr.c mavimum value retrieval to detect a plurality of 

[0040] The correlation peak position det.ct.on section 1 7 perform ™™ r' 4^ co relation peak position 

- - — — 

peak portions with 0) (step S23 in Fig. 4). Hpte»cted Deak positions by masking 

rlto P h\ .p P cycle count is 3 X retrieved data cccn, x detected pe, k court, a. cnown 

detection section 17 will be described .oads the initial maximum vaiue (e.g.. sets the 

[0043] First of all. the correlate peak pos t ,o ^detect on sect,on ' correlatlon pea k position detection sec- 

x «" r,r r !s d rran v t ~r 

„ irST £S - - .ores t, 

maximum value position in the detected path table storage sect.on 16 (step S35 m F,g .5) 
[0045] The correlation peak position detection sect.on 17 repeated y performs the same pro g 
above until all retrieved data are compared with the "^^^^^^^^Z^ cyde count is 3 x 
value retrieval processing is implemented by a general-purpose D-R the approximate p y 

so retrieved data count, as shown in Fig. 5. , „,i, D „ „ n i« a npner--! maximum value 

[0046] As described above, with regard to path co ItVdeTected ^k count) is 

retrieval procedure is used, a processing cycle count of about (3 : l™*^™™* . invention . however, 

required. With the use of the retrieval method accor -ng to the fir st e mbod m t o J« ^^ natjon lhre8ho , d . 

55 =trS- = 

1!^^^^ 11=1^ cvc, count ,s given by 
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" (validity determination cycle count ♦ peak detection cycle count * average power calculation 
cycle count) = (8 x de.ay profile data count) ♦ (3 x delay profile data/30 x detected peak count) ♦ 

(average power calculation cycle count) 

10048] in addition, since average power calculation can be implemented by about (1 x delay profile data count) cycles, 
the total processing count is given by 

total processing count = ((9 ♦ detected peak count/10) x delay profile data count) 

Se— n .The ,ns.„ Z o, „«,,» —.ion -» £ JS^T£^ * «*• 

.OOoO, ,n contrast ,0 this, if ^^'^^Z^^ . ^l m, ,3,i. of the ,bo„ effec- 

ts measured, a procasa,n 9 count largo, than that ***** J 30 „ 1(2 Eve „ ,„ lhis case, the insertion of validity 

^'^^0^ ™ ' ' coefficient. ,h. 

processing amount can be further reduced even if no peaks appear. 



20 Second Embodiment 

,„„ 5 „ ns ^sfheanan^n™ 

:rr.~=!ni^ 

s rcr= y r y srs '/jirr^^'s^ ^m. « w , « .ha * ™, 

upon tacephon o, , s, 9 n„ ,no,c„in g the eno of^ypfoata ^^^^2^^ 
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data like noise can be measured. 
15 Third Embodiment 

[0062, F, 9 . ,2 shows ,h, ,rr,n g e m en, o. . Rose ,eoei»er aooo,* g » «. ' 

L.L. reference num.,,,. ,s in F, g . , '"-"^^XT^ »» 
,Mrd ernbodirnen, M. = J^TS^^?^^-—. .hr.shoid *> 

delay profile correlation value storage section 3 before a valid data «™™""" 0 «veraae power calculated by the 
nation. The valid data determination threshold calculation ^!^^j£^*JZZ» wave levels'por- 
average power calculation section 11 by a predetermined value to a ,sorb th va ^ * datg 

tions having no correlation ^^y^^^^^X^X -ximum'peaK va.ue retrieved by the 
tion threshold calculation section 83 sets the value obtained oy mump y y determination threshold 

maximum value retrieval section 81 by X (X is a predetermined I rat,a ^^ U ^^^Z^\no only data 
b.'-The valid data determination section 13 can improve the validity de terminal .on pr e ,c sion y val|d y data deter . 
e,ua. to or iarger than these 

- *- >< - - - «• determina,lon thresho,d calcu " 

lation section 12 in Fig. 1. h rch pr0C essing performed by 

uremen, sect .on 2 ( tep S51 , F » 13) the ave age p calculation sectjon g3 performs ca cu . 

mined threshold coefficient (constant) to calculate the valid data eterm.at,on th r.s old a ^step S 3 n F £ 13 ^ 

^ir^ZS^r^^^ - - « — threshold ,«.P SSS In * 
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[0068] The valid data determination section 13 extracts data equal to or larger than the vahd data ^term-naUon 
threshold calculated by the valid data determination threshold calculation section 83 from the delay profile data, and 
stores the values and positions of the valid data in a valid correlation data table storage section 5 (step S59 in Fig .13). 
0069] The correlation peak position detection section 17 detects a predetermined number of correction peaks from 
the data stored in the valid correlation data table storage section 15, and stores the magnitudes and positions of the 
corresponding paths in a detected path table storage section 16 (step S60 in Fig. 13). 

[0070] FinaHy a Rake path allocation section 18 designates the detected paths to the Rake reception section 7 (step 
S61 in Fig 1 3) Subsequently, the DSP 8 waits until a measurement end signal is received from the delay profile meas- 
urement section 2. and repeatedly performs the same processing as described above. Note that the ^x, mum peak 
value retrieved by the maximum va.ue retrieval section 81 is also used in the correlation peak position detects 
processing performed by the correlation peak position detection section 17. ,:^ aK i a 
[0071] The third embodiment of the present invention can properly cope with both the case wherein no noticeable 
peaks appear in a delay profile, as shown in Fig. 10, i.e., only data like noise is measured, and the case wherein no ice- 
able peaks appear in a delay profile, as shown in Fig. 1 1 . i.e., data in which peaks having larger correlation values 
appear is measured. 

Fourth Embodiment 

[0072] Fig. 14 shows the arrangement of a Rake receiver according to the fourth embodiment of the present invention^ 
The same Reference numerals as in Fig. 1 denote the same parts in Fig. 14. The Rake receiver according to th .fourth 
embodiment of the present invention has the same arrangement as that of the Rake rece,ver according to the first 
mbod ment of the present invention in Fig. 1 except that the allocation resuit obtained by a Rake pat alloc* ion sec .on 
18 is input to an average power calculation section 11 in a DSP 1. The operations of the same const.tuent elements as 
those of the Rake receiver according to the first embodiment of the present invention are the same as those thereof 
[0073] When correlation data at X despreading timings (delay times: abscissa) are sampled, the average power cal- 
culation section 1 1 subtracts the correlation data of the paths designed by the Rake path a "ocaton ».c 
sum total of the correlation data at times 1 to X. and divides the resultant value by sample count X - des.gnated path 

mo™ With this operation, the average power calculation section 1 1 can obtain the average value of almost only 'noise 
components. If. therefore, a valid data determination threshold calculation section 12 calculates a valid data ' determina- 
tion threshold on the basis of this average value, the valid data determination threshold precision can be improved. This 
makes it possible to detect paths that have been missed. . , hu 

[0075] Fig. 15 shows the processing performed by the DSP 1 in Fig. 14. The path search processing performed by 
he Rake receiver according to the fourth embodiment of the present invention will be described with reference to F.gs. 
4 and 15 The processing^ Fig. 15 is implemented when the DSP 1 executes the programs stored ,n a control mem- 
ory^he control memory may be set in the internal storage section 14. Alternatively, a ROM, floppy d,sk, or the like may 

[0076] ^ First of all. upon reception of a signal indicating the end of delay profile calculation from a delay profile meas- 
urement section 2 (step S71 in Fig. 15), the average power calculation section 11 of the DSP 1 calculates the power 
vZ of a delay profile within a predetermined range, and compares the power va.ue with a stored power value (calcu- 
lated in advance) (step S72 in Fig. 15). If the difference between the currently calculated power value and the stored 
powe value falls outside an allowable range (step S73 in Fig. 15). the average power calculate sect.or ,11 conhn - 
ously calculates the average power of the delay profile (step S74 in Fig. 15). The valid data 
culaiion section 12 performs calculation (multiplication) for the average power ob ained 

calculation section 11 using a predetermined threshold coefficient (constant) to calculate a valid data determ.nat.on 

r0077] 01 A Sdatade^'ermination section 13 extracts data equal to or larger than the valid data determination thresh- 
old calculated by the valid data determination threshold calculation section 12 from the delay profile data, and stores 
the values and positions of the valid data in a valid correlation data table storage section 15 (step S76 in Fig. 15). 
[0078] A correlation peak position detection section 17 detects a predetermined number of correlation peaks from he 
data stored in the valid correlation data table storage section 15. and stores the magnitudes and positions of the corre- 
sponding paths in a detected path table storage section 1 6 (step S78 in Fig. 1 5). 

[0079] The Rake path allocation section 18 designates the detected paths to a Rake recept.on section 7 step S79 in 
55 Fig. 1 5). Since the information of each path designated by the Rake path allocation section 18* input to the average 
power calculation section 1 1 . if a new threshold is calculated in the current processing (step S80 m Fig. 15). the corre- 
lation data of the path designated by the Rake path allocation section 18 is subtracted from the correlation data o aH 
the addition results, and the resultant value is divided by "sample count - designated path count . thereby calculatmg 
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w 



an averaae value excludinq the peak values of the allocated paths. 

an average vaiueexc.uairgu ^ ^..i-tinn action 12 performs calculation (multiplication for the aver- 

[0080] The valid data determ.nat.on threshold calc ,on ™>„™l mined thres hold coefficient (constant) 
age power obtained by the average power ca.cufc The va id data determination threshold calcula- 
te calculate a valid data determination threshold (step S81 n h g. 10). me « 

«on section 1 2 then stores the calculated valid within an allowa- 

10081] V^d^enc, between^ ^^^^^S^cSl interrupts calculation of the average power of 
ble range (step S73 ,n Fig. 15). {he ^^ P °^ . thresno)d ca , culat ion section 12 that the valid data determina- 
a delay profile, and notifies the val.d data d ^'" at '°" ^ 6 j!on reception of this notification, the valid data detec- 
tion threshold used ,n the previous P ^^^ determina tion threshold to the valid data 
nation threshold calculation section 12 transmits the storeo vauo uaia u 



determination section 13. h h va|jd data determination 

me v„id da.a In .he va.d coition data uble ^"^,7^.^^, of c „„e,a,ion peak, from 
corresponding paths in .ha de.ec.d path , «. * ^f.^.^X » -ca c „on seo.ion 7 ,s,.p S79 

[0085] As described aoove, accora g determination threshold calculated by preceding processing, the 

tion 2 or the like, power can be saved. 
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[0086] Fig. 16 shows the arrangement of a Rake receiver according to the £ ^'^^ 

SSSK and opena.es ,o e,„ee, vaiid d,,a - Z^^££J££2£SL« » 
rnnflQi Fin 17 shows the processing performed by the u^k o in rig. io- '"«H fl r 

(previously-calculated power value) (step S92 in Fig 17) vg|ug outsjde a pfe . 

tn moon if the difference between the currently calculated power value <.no me siuicu k . . e (h . 

ee STL. -eLsd by .he maximum »elue re.rte.al secion 81 using a predetermined .hresho.d coeltoen. (oons.an.) 
to calculate a valid data determination threshold (step S95 in Fig. 17). ^termination 
0093] The valid data determination section 13 extracts data equal to or larger than the val.d ^eterm mabon 
Sold calculated by the va.id data determination threshold calculation section 82 from the delay profile data, and 
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stores the values and positions of the valid data in a valid correlation data table storage section 1 5 (step S96 in Fig. 17). 
00941 A co relation peak position detection section 1 7 detects a predetermined number of correlation pea s frorr , he 
dat! stored I in Z ! vlic I correction data tab,e storage section 15. and stores the magnitudes and pos.tions of the corre- 

' n F g 1 1 7) line he information of each path designated by the Rake path allocation secton 8 ,npu to the m x 

wm=~ ====== 

" ^STSSSL^SS. on m*. -3 «„«. d„a oo.u„ ,0 o, large- than . he 

Sold o e in ,h. valid da,a donation mraahold oaloula.ion soo.ion 82 <ro m .h. d. a y p ro * d. . and s o-.s 

corresponding paths in the detected path table storage section 16 (step S98 in Fig. 1 1). 

oS The Rake path allocation section 18 designates the detected paths to the R «^.^;^™£ mea'sufe 
[ n Fig 17) Subsequently, the DSP 8 waits until a measurement end signal « received from the delay profile measure 

power can be saved. 
30 Sixth Embodiment 

[0101] Fig. 18 shows the arrangement of a Rake receiver according to the sixth embodiment of the present invention^ 

18 is inDut to an averaqe power calculation section 11 in a UbH o. I ne operaiions, e , 

hnlofthe Rake receiver according to the third embodiment of the present invention are the same as those thereof. 
01021 Whe co re ton a a, x'despreading timings (delay times: abscissa) are sampled, the average power caF 

cu a. on s^cton 1 1 subtracts the correlation data of the paths designed by the Rake path allocaton secton 1 8 rom the 
,o urn to a of h cor elation data at times 1 to X. and divides the resultant value by "sample count X - designated path 



minil With this operation the average power calculation section 1 1 can obtain the average value of almost only noise 
component theSot a a d data determination threshold calcu.ation section 12 ca.cu.ates a valid data determina- 
SXeshold on the basis of this average value, the valid data determination-threshold precision can be ,m P roved. Th.s 
is makps it Dossible to detect paths that have been missed. 

To 04 Figs 19 and 20 show the processing performed by the DSP 8 in Fig. 18. ^.^"^^^^ 
farmed bv the Rake receiver according to the sixth embodiment of the present invention will be described with reference 
formed by the Rata receiver _ac g imp , e mented when the DSP 1 executes the programs stored 

" a toZ memor, ^J^ZTa^W be set in the' interna, storage section 14. Alternatively, a ROM. floppy 

50 SSJ ' Hr^u^eption of a signal indicating the end of delay profile ca.colatior , from .^jjo* ^s 
* ^,;„n 9 rctpn in Fia 19) the average power calculation section 11 of the DSP 1 calculates tne powe. 
"JZ oLdS ^wdnin . p£21d „n g a. L oo m pa,.a ,h. po»e, ,a,„, „Kh , o.o.ed power vain, (oalcn. 

a SSlf a TX^l 2 ZZ ,le o U „an,„ o„co,„*d po»ar .aide and ids s ,o ; ad P~ 

ii Jw, Q r =,nn e .«t*n S1 13 in Fia 19) the average power calculation section 11 continuously calculates the average 

Fig. 19). A v P a,id data determination threshold <f^^^ 
calculation (multiplication) for the average power obtained by the average power calculation section 11 using prede 
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19). 



10 



15 



termed thr^hold coefficient (constant) to ca,culate a va,id data °" 

spending paths in a detected path table •^•^Si'SS^S " Jj to a Rake reception section 7 (step S124 
[01111 The Rake path allocate .actor ,18 g the d t t p ^ ^ ^ ^ 

in Fin 19) Since the information of each path designated Dy ine r*cmc hoi 

„.„ im.hcM is oatol.l.d on Iho b aSl! of lh. rn.ng. Powe' (s , , S126 ^ ** ""^^ dala calclll a,ed 

s^rr^s ess xir^^ — - ~ «- - — ■ 

processing) is stored (step S129 in Fig. 20). wjthin g de . 

10114, ,f the difference between the ™™*"^£^^Z1ZJZ 1 1 interrupts the ca,cu,at,on of 
termined allowable range (step S1 13 in F.g. 19). me average p vg|jd da(a 

rdiirr;^^^ - — - 



20 



25 



30 



35 



40 



45 



50 



11 



70 



75 



20 



EP 0 989 685 A2 

tion 82 or 83 calculates a valid data determmajon threshold ^rrn™ng the M o ^ 
delay proton the basis of the retrieval ^^^^^^^^ valid data determination 

zT:r£;:^ ™. - — * — - amounts in 

KSTSS S^S'iliS t *• 1 - 8 can be reduced ' the DSPS 1 and 8 can be operated at a 

low-frequency clock, and the current consumption can be reduced- calculation time. 

|0123] Furthermore, th, processmg amounts in th. DSPs 1 B« » ~ hardw are arrangem.nl 

be incorporated in , ope.oh ood.e DSP or communicatron con.roP CPU J" .mbodimenl has been 

described above may be provided for each base station or may be shared among base stabons. 



25 Claims 



, A CDMA receiver characterized by comprising a 

reception signals from a plurality of paths. where, n a *^^£^£%ZL is estimated on the basis of 
to delay times of the reception signals » me su ed. an ^ terf ^ nc ^^ 6 P bas|S of {he estimate d interference 

2. A receiver according to claim 1 . where,n the valid data are extracted by comparing the delay profile with the ,nter- 
35 ference wave power value. 

coefficient. 

40 a- • H.im 1 wherein the coefficient is predetermined such that all interference wave power 

" * m r^,;rrn, C n,e 3 -;h" ™» dor re ,*n ..ides U,, .aide, iess Inen ». inference wave 
power value. 

as , Ar«,,e,a^ i n 91 oanvoneo,a,,, m s1 1 o4.wnar,in : * 
ment remains unchanged. 

so 6 A receiver according to Cairn 5. wherein the average power of the de.ay profile is calculated excluding delay profile 
data corresponding to a path allocated to said Rake reception circuit. 

* , m c 1 »« R wherein maximum value retrieval is performed for the delay profile 

7. A receiver according to any one of claims 1 to 6, whe ein maximum v extracted 

maximum value retrieval. 

8. A CDMA receiver characterized by comprising a Rake reception circuit (7) for performing in-phase synthesis of 
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10. 



reception circuit is determined on the basis of the correlation peak pos.fions. 

A receiver according to claim 8. wherein the valid data are extracted by comparing the delay profile with the average 
power value. 

A acco,*n 9 „ c„ im 8 0,3. — a *j ^ — ^^'JS^StS £S2 



age power 
unchanged 



■ „ A receiver according to c.aim 1 0. wherein the average power of the delay profile is calculated excluding delay profile 
' data corresponding to a path allocated to said Rake reception circuit. 

12 A CDMA receiver characterized by comprising: 

TrreTaiion peak detection means (17) for detecting a plurafity of correlation peak positions from the valid data 
pxtracted bv said valid data determination means; and 

Ra e path al ocation means (18) for determining path allocation to sa,d Rake reception circuit on the bas,s of 
The correlauon peak positions detected by said correlation peak position detects means. 

a- ,„ ,-i.im 19 wherein said valid data determination means (13) extracts the valid data by com- 

jess r s :x s?Cpro«i« « M «- p— 

value estimated by said estimation means (11. 12). 

a .rnrninn to claim 12 or 13 wherein said estimation means comprises average power calculation 

culation for the average power calculated by said average power calculate means, 
power value. 

<c A . erarrorH inntoclaim12 13 14 or 15. further comprising valid data storage means (15) for storing the valid 
act d by sai^v d m da a determination means (13). and detected path storage means (16) for storing the 
pfuraHtV of Gelatin peak positions detected by said correlation peak position detect.on means (17). 

r . • B io» A ic uwh^r^in caiH receiver further comprises means for detecting a 

is detected that the reception environment remains unchanged. 
; 18 A rece.ver according to claim 17. wherein the average power of the delay profile is calculated excluding delay profile 
* data corresponding to a path allocated to said Rake reception c.rcu.t. 
19. A receiver according to any one of claims 12 to 18. wherein said estimation means comprises maximum value 
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retrieval means (81) for retrieving a maximum value of the delay profile measured by said delay profile measure- 

ment means, on the basis of at least one of the interference wave power value and a retrieval result obtamed by 
said maximum value retrieval means. 

20. A CDMA receiver characterized by comprising: 

a Rake reception circuit (7) for performing in-phase synthesis of reception signals from a plurality of paths; 
dday ^proTemeasuremen; means (2) for measuring a delay profile indicating a signal power d,str,but,on w,th 

ri»-SX Power va,ue of the delay P rofi,e measured by sa,d delay pro- 

:a,id^t~min m a!i a o n n S means (13) for extracting valid data from the delay profile measured by said delay pro- 
fite measurement means on the basis of the average power value ca.culated by sa,d calculate means, 
c^ton p«K det^ion means (17) for detecting a plurality of correlation peak positions from the vahd data 
extracted bv said valid data determination means; and 

Rake tath allocation means (18) for determining path a.location to said Rake recephon arcu,, on the bas.s of 
the correlation peak positions detected by said correlation peak pos.tion detection means. 

21 A receiver according to any one of claims 12 to 20. wherein said valid data determination means (1 3) extracts the 
valid data by comparing the delay profile with the average power value. 

profile on the basis of the average power value used in previous process.ng when ,t » detected that the reception 
environment remains unchanged. 

23 A receiver according to any one of claims 17 to 22. wherein the average power of the delay profile is calculated 
exduding delay profile data corresponding to a path allocated to said Rake reception circu.t. 

24 A path detection method for a CDMA receiver including a Rake reception circuit (7) for perf orming in-ph J" sy^e- 

extracted valid data, and determining path allocation to sa,d Rake recept.on circuit on the basis of the detected 
relation peak positions. 

25 A method according to claim 24. wherein the step of extracting the valid data comprises extracting the valid data by 
comparing the delay profile with the interference wave power value. 

26 A method according to claim 24 or 25. wherein the step of est.mating the interference wave power value >W<H>« 

power value. 

28. A method according to claim 24. 25. 26 or 27. further comprising the step of storing the extracted valid data, and 
the step of storing the detected correlation peak positions. 

, . . oa 9fi 97 or 28 further comprising the step of detecting a change in a reception 

that the reception environment remains unchanged. 
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30 "a method according to claim 29. further comprising the step of calculating the average power of the de.ay profile 
exduding delay profile data corresponding to a path allocated to sa,d Rake recept,on c.rcu.t. 

Am ethodaccordin g toan y oneofc,aims^^ 

33 A me , h od .hoarding 10 claim 32. wherein the Map of .xf.aolih 9 .he valid data oomprra.s extracting .he .alio data b, 
comparing Ihe delay profile with Ihe average power daloe. 

34. A method according ,o claim 3 2 or 33. further -r^^^^/S^S^ZX 

environment remains unchanged. 
35 A method according to claim 34. further comprising the step of calculating the average power of the delay profile 
exduding delay profile data corresponding to a path allocated to said Rake reception c.rcu.t. 
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